Utah State University

DigitalCommons@USU
Presentations

Materials Physics

6-22-2015

Influence of Thermal Treatment on Electrical and Physical
Properties of Coated Ceramics
K. Guerch
ONERA

T. Paulmier
ONERA

Justin Dekany
Utah State University

JR Dennison
Utah State Univesity

S. Guillemet-Fritsch
ONERA

P. Lenormand
ONERA
Follow this and additional works at: https://digitalcommons.usu.edu/mp_presentations
Part of the Condensed Matter Physics Commons

Recommended Citation
K. Guerch, T. Paulmier, J. Dekany, JR Dennison, S. Guillemet-Fritsch, and P. Lenormand, , “Influence of
Thermal Treatment on Electrical and Physical Properties of Coated Ceramics,” ISMSE 13, 22 – 26 June
2015, Pau, France.

This Presentation is brought to you for free and open
access by the Materials Physics at
DigitalCommons@USU. It has been accepted for
inclusion in Presentations by an authorized administrator
of DigitalCommons@USU. For more information, please
contact digitalcommons@usu.edu.

ISMSE 13, 22 – 26 June 2015, Pau, France

Influence of thermal treatment on electrical and physical properties of coated
ceramics
K. Guerch1,2,3, T. Paulmier1, J. Dekany2, JR Dennison2, S. Guillemet-Fritsch3, P. Lenormand3
Kevin.guerch@onera.fr
1

ONERA, The French Aerospace Lab, Toulouse F-31055, France
Material Physics Group (Physics Department), Utah State University, 4415 Old Main Hill, Logan, UT 84322 – USA
3
CIRIMAT, Institut Carnot (CNRS) University Paul Sabatier, 118 route de Narbonne 31062 Toulouse cedex 09 – France
2

Keywords : Charging, Electric conductivity, Electrical degradation, Defects, Annealing, Coating, Ceramics
ABSTRACT :
Technical dielectric materials and ceramics are used in many different high technology industrial
areas and especially for spacecraft applications. On satellites, these materials are subjected to extreme
conditions due to the space plasma environment. To survive, these ceramic insulators must have exceptional
electrical and thermal properties. Boron Nitride (BN) and Aluminum Oxide (Al2O3) are used in particular
because they combine good electrical insulation and high thermal conductivity. However, BN and Al2O3 used
in spacecraft interiors are exposed to critical radiation demands, where these insulators are irradiated by
electrons with high energies and flux. Charged particles are trapped in the ceramics, producing high electric
fields. Subsequently, internal disturbances and electrical breakdowns can occur. Over time, these phenomena
may cause degradation or failure of various components and embedded systems.
Consequently, this study endeavors to understand the physical mechanisms which occur in these
ceramics materials under electron irradiation. These dielectrics materials have been characterized at ONERA
Toulouse (DESP) in the CEDRE (Chambre d’Etude De Revêtement Electrisés) irradiation chamber. A
parametric study was performed to assess the influence of incident energy and flux, temperature, coatings,
annealing, and ionizing dose on the charging and relaxation kinetics of BN and Al2O3. Surface and thermal
treatments were found to limit BN’s charging. Dedicated treatments enhanced charge transport. To identify
the effect of thermal annealing on electrical behavior in these materials, a thorough study of electron trapping
processes was performed using cathodoluminescence in the Electron Emission Test facility at Utah State
University. These tests explored differences in the nature and density of defect states. Together, these
investigations determined correlations between chemical, structural and physical properties for each
insulator’s configurations. Further, we observed degradation of coatings and an evolution of the concentration
of their chemical defects. Contamination and ageing effects were identified on the rough material surfaces of
ceramics exposed under a critical electron flux. Therefore, treatments applied to optimize electrical properties
were found to be ineffective, especially for long-term charging mitigation.
We will discuss these results and compare them for each ceramic configuration. The goal of this
investigation is to understand the predominant physical mechanisms and main structural and chemical
differences between these ceramic configurations in order to perform an exhaustive correlation between the
properties. In future studies, we propose to define a defect-based model which can be used to optimize a
material to limit both its charging and degradation over the time.

